The optimal therapy of vertebrobasilar ischemic stroke is under debate. In the case of underlying basilar artery occlusion, intra-arterial thrombolysis is recommended. Because this pathologic condition is rarely found and the procedure is time consuming and restricted to specialized centers, the question arises whether early intravenous thrombolysis could also effectively be applied in vertebrobasilar ischemic stroke.
Results: On admission, 7 patients exhibited moderate to severe brainstem symptoms without impairment of consciousness and 5 patients had impairment of consciousness, of whom 2 were comatose. Of 12 patients, 10 had a favorable outcome after 3 months defined as full independence (Barthel index score of 100) or return to premorbid condition. One patient had a poor outcome with complete dependency due to reocclusion after primarily successful thrombolysis, and 1 patient died of severe brainstem infarction and additional space occupying parietal hemorrhage.
Conclusion:
Favorable outcome could be achieved in the majority of 12 consecutive patients with moderate to severe vertebrobasilar ischemic stroke treated with intravenous recombinant tissue-type plasminogen activator within 3 hours after symptom onset.
Arch Neurol. 1998; 55:466-469 V ERTEBROBASILAR ischemic stroke accounts for about 2 0 % o f a l l i s c h e m i c strokes. 1 An unfavorable outcome (major or fatal stroke) is found in as many as 60% of patients. 2 In cases of basilar artery occlusion, mortality can be as high as 90%. 3 Despite its poor prognosis, the optimal therapy of vertebrobasilar ischemic stroke remains undetermined. 4 Angiography and, in cases of basilar occlusion, subsequent intra-arterial thrombolysis is considered the optimal management for vertebrobasilar ischemic stroke. However, intra-arterial thrombolysis is restricted to a few highly specialized centers only, and the procedure is time consuming. The time between onset of symptoms and the beginning of thrombolytic therapy is a crucial factor in the success of thrombolytic therapy. From the National Institute of Neurological Disorders and Stroke (NINDS) study 5 we learned that intravenous thrombolysis can be used safely and effectively within 3 hours after symptom onset. Therefore, should patients with acute vertebrobasilar ischemia admitted to a hospital without angiography facilities within 3 hours after symptom onset be treated immediately with intravenous thrombolysis or transported to respective centers for intraarterial thrombolysis?
We describe 12 consecutive patients with vertebrobasilar ischemic stroke treated with intravenous recombinant tissue-type plasminogen activator (rtPA) within 3 hours after symptom onset according to the NINDS criteria. 5 
RESULTS
Twelve patients (9 men and 3 women) with typical, progressive brainstem symptoms were treated (Table) . The mean (± SD) age was 63 ± 10 years (range, 41-78 years); the mean (± SD) interval between symptom onset and thrombolytic treatment was 134 ± 26 minutes (range, 100-175 minutes); and the mean (± SD) initial NIHSS score was 14 ± 11 points, with a median NIHSS score of 12 points (range, 4-37 points). Five patients had impairment of consciousness and hemiparesis or tetraparesis or decerebrate posturing, and 2 of these patients were comatose. In 6 patients, brainstem involvement could be demonstrated in the results of follow-up CT or magnetic resonance imaging.
In 1 patient (patient 10), basilar artery occlusion was documented in the results of transcranial Doppler ultrasonography before treatment.
Atherothrombosis was the most frequent cause (6 patients), and embolism was less frequent (2 patients). In 1 patient (patient 7), dissection of the vertebral artery was documented in the results of CT angiography; in 3 patients, the cause remained undetermined.
Excellent outcome with no or minimal functional deficit was reached in 7 patients. Of the 7, 4 patients had severe brainstem symptoms with impairment of consciousness on admission (patients 7, 8, 9, and 10); in 2 patients, brainstem infarction could be assessed in the results of follow-up magnetic resonance imaging. In 2 more patients (patients 1 and 2), the outcome was good with a score of 100 using the Barthel index, 2 using the Rankin scale, and mild neurologic sequelae (4 and 2 points, respectively, using the NIHSS criteria). In these patients, brainstem infarction was also documented. One patient (patient 4) showed considerable improvement: Neurologic deficit was minimal after 3 months (NIHSS, 1 point); however, the activities of daily living and grade of dependency were moderately impaired but comparable to the premorbid condition.
Taken together, a favorable outcome was reached in 10 of 12 consecutive patients.
In the remaining 2 patients (patients 11 and 12), the outcome was poor. A 65-year-old patient (patient 11) experienced a sudden onset of left-sided hemiparesis, followed by nausea and progressive loss of consciousness. On arrival at our hospital 90 minutes after symptom onset, he was comatose with decerebrate posturing. The results of cranial CT demonstrated a hyperdense basilar artery. Intravenous thrombolysis with 80 mg of rtPA was initiated 120 minutes after onset of symptoms; thrombolysis was effective. After 24 hours, his neurologic status was normal except for a moderate dysarthria. Three
PATIENTS AND METHODS
Between March 1996 and July 1997, we treated 93 consecutive patients with acute ischemic stroke with intravenous rtPA within 3 hours after symptom onset; of these, 12 patients had vertebrobasilar ischemic strokes.
The diagnosis of vertebrobasilar ischemic stroke was based on the presence of typical brainstem symptoms (eg, cranial nerve palsies, dysarthria, dysphagia, ataxia, pareses, and impairment of consciousness). Occlusion of the basilar artery was not documented before treatment.
Inclusion and exclusion criteria were adopted from the NINDS study. 5 Patients were not included if the onset of symptoms could not be defined precisely and witnessed or if the patients had pure vertigo or isolated cranial nerve palsy.
On admission, neurologic deficit was assessed using the National Institutes of Health Stroke Scale (NIHSS). 6 The NIHSS is a 42-point scale that quantifies neurologic deficit. Normal function without neurologic deficit is scored as zero, while complete hemiplegia with aphasia, gaze deviation, visual deficit, dysarthria, and sensory loss is given a score of 25, for example. Outcome at 3 months was determined using the NIHSS, Barthel index, and Rankin scale. 7 The Barthel index (0-100) is a measure of the ability to perform activities of daily living such as eating, bathing, walking, and using the toilet. Patients able to perform all activities with complete independence are given a score of 100. The Rankin scale (0-5) is a simplified overall assessment of function in which a score of 0 indicates the absence of symptoms and a score of 5 indicates severe disability. To compare our results, patients were classified according to the criteria of the NINDS study. 5 A score of 1 or less using the NIHSS criteria, 95 to 100 using the Barthel index, and 0 to 1 using the Rankin scale indicated no or minimal functional deficit. A score of 2 to 8 using the NIHSS criteria, 55 to 90 using the Barthel index, and 2 to 3 using the Rankin scale indicated mild or moderate functional deficit. A score of 9 or higher using the NIHSS criteria, 0 to 50 using the Barthel index, and 4 to 5 using the Rankin scale indicated severe functional deficit. "Favorable outcome" was defined as full independence (Barthel index of 100) or return to premorbid condition.
After obtaining informed consent from the patient or next of kin, 0.9 mg/kg of rtPA (alteplase [Actilyse, Thomae, Biberach, Germany]) was administered intravenously during a 60-minute period (10% bolus and 90% continuously). For early prevention of recurrent thrombosis and analogous to coronary thrombolysis, anticoagulation with heparin was routinely performed immediately after the end of rtPA infusion, aiming to increase activated partial thromboplastin time to 1 1 ⁄2 to 2 times the standard normal values.
Unenhanced computed tomographic (CT) scanning of the head was routinely performed on admission, 24 hours after admission, and whenever neurologic deterioration occurred. In some patients, follow-up magnetic resonance imaging, magnetic resonance angiography, or CT angiography was performed. Although transcranial Doppler ultrasonography was not routinely performed before treatment, it was performed within the first 24 hours.
Classification of stroke was based on the information available at discharge.
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ARCH NEUROL / VOL 55, APR 1998days later, the patient was found at 3 AM again unconscious and tetraplegic. The antithrombin III level was reduced to 69%, and the activated partial thromboplastin time was 41 seconds despite continuous infusion of 1300 U/h of heparin. Although the time of the onset of symptoms could not be assessed reliably, the patient was treated again with intravenous rtPA. However, the patient had a pontine infarction, and symptoms only gradually improved. The results of magnetic resonance angiography demonstrated a tight stenosis of the middle part of the basilar artery.
A 70-year-old patient (patient 12) was admitted 135 minutes after sudden onset of vertigo, dysarthria, and severe hemiparesis. Thrombolysis with 75 mg of rtPA was initiated 25 minutes later. However, the symptoms were progressive, and the patient became tetraparetic and comatose. The results of CT exhibited a small, non-spaceoccupying, parietal hemorrhage. The results of follow-up CT after 24 hours showed a large brainstem infarction and an increasing hemorrhage with mass effect. In the results of CT angiography, a high-grade stenosis of the distal basilar artery was documented. Brain death was diagnosed in this patient on day 5. This was the only patient with hemorrhagic transformation in the results of follow-up CT.
COMMENT
Vertebrobasilar ischemic stroke is different in many ways from stroke in the carotid axis. It is less frequent, its prognosis is worse, and atherosclerosis is the most frequent cause.
2 Therefore, the transfer of therapeutic concepts from hemispheric to vertebrobasilar ischemic stroke is limited. 4 Therapeutic trials especially designed for vertebrobasilar ischemic stroke are rare and mostly restricted to patients with angiography-proved basilar artery occlusion, [8] [9] [10] although this pathologic characteristic is only found in about 14% of patients with vertebrobasilar ischemic stroke. 2 The main therapeutic strategy tested is local intra-arterial thrombolysis. Even after successful recanalization, an approximate mortality rate of 50% has been reported. 8 However, there are also occasional reports of benign outcome in angiographyproved basilar artery occlusion without thrombolytic therapy. 11 The length of basilar artery obstruction, the state of the collaterals, and the clinical condition on admission were valuable prognostic factors. To our knowledge, no randomized, placebo-controlled trial of thrombolytic therapy in acute basilar artery occlusion has been conducted. The only larger studies conducted were those of Hacke and coworkers 9 in 1988, Brandt and coworkers 8 in 1996, and Zeumer and coworkers 10 in 1993. Almost all patients were treated with intra-arterial thrombolysis within various time frames, some of them even later than 24 hours after symptom onset. However, intraarterial thrombolysis is restricted to a few specialized centers that have angiography facilities and special teams available 24 hours a day. Furthermore, intra-arterial thrombolysis is a time-consuming procedure with a long "door-toneedle" time. As experimental data 12 show, the duration of ischemia is a crucial factor for the success of therapeutic intervention. Furthermore, the symptoms of vertebrobasilar ischemic stroke are often fluctuating or progres- sive, sometimes leading to sudden deterioration. The better the clinical condition is on admission, the better the prognosis after thrombolysis. 4 Therefore, should patients with acute symptoms of brainstem ischemia be treated immediately with intravenous rtPA within the 3-hour time frame as in the NINDS study 5 or be transferred to specialized centers for intra-arterial thrombolysis?
Data on intravenous thrombolysis with rtPA in vertebrobasilar ischemic stroke are scarce. In a larger study, von Kummer and coworkers 13 described 5 patients with angiography-proved basilar artery occlusion treated within 6 hours after symptom onset with 70 mg of rtPA intravenously. Because 3 patients died of extended brainstem infarction, 1 patient remained "locked in," and only 1 patient fully recovered, intravenous treatment was abandoned. Huemer and coworkers 14 described 16 patients with acute occlusion of the basilar artery treated with intravenous rtPA within 6 hours after symptom onset. The results were more encouraging since recanalization was achieved in 10 patients. Herderscheé and coworkers 15 described 2 patients with angiography-proved basilar artery occlusion treated with 100 mg of rtPA intravenously. One patient was successfully treated 130 minutes after symptom onset, and the other patient was treated after 6 hours and died from hemorrhagic infarction of the pons despite extensive collateralization. The difference in time interval was crucial; in our patient 11, treatment within 2 hours was effective whereas a second treatment, which was beyond the early time frame, was ineffective. Kamps and coworkers 16 also described a patient with subtotal vertebrobasilar stenosis and rapidly progressive severe brainstem symptoms who was successfully treated twice within 1 week. However, a permanent therapeutic success could not be achieved.
Whether thrombolysis should be followed immediately by administration of heparin in patients with acute vertebrobasilar ischemic stroke is a question that cannot be answered from our limited data. On the one hand, there is a substantial risk of reocclusion after successful thrombolysis due to underlying atherosclerotic pathologic factors 17 as demonstrated in our patient 11; on the other hand, the risk of severe hemorrhage as shown in our patient 12 might be increased.
Our data of favorable 3-month outcome in 10 of 12 consecutive patients treated within 3 hours after onset of typical brainstem symptoms suggest effectiveness of this treatment within the given time frame. Beyond that time frame, no conclusions can be drawn.
